2008.
Survey Implementation
Of the 15,204 golf facilities in the United States in 2015 (National Golf Foundation, personal communication, 2017; Supplemental Table S1 ), 12,530 (82.4% of the national total) US golf courses managed by superintendents with available email addresses were identified by integrating GCSAA and National Golf Foundation databases. An initial email invitation, which included a link to the online survey, was sent to prospective participants in October 2016, followed by three email reminders, sent in October and November 2016. A total of 528 completed surveys were received (3.5% of all facilities) (Supplemental Fig. S1 ). This is lower than the 9.8% response coverage from the initial survey (Lyman et al., 2007) (Supplemental Table S1 ), which also included a mail survey campaign. Although both surveys targeted the same population, respondents in the 2016 survey were not identical to those in the initial survey. Participation in the survey was encouraged by entering respondents into a drawing for a total of 21 US$100 gift cards and providing a 0.25 service point to GCSAA members in support of their professional development requirements for certification.
Review of Survey Data
Although the survey was implemented in 2016, the data reported by respondents covered management practices for 2015 and earlier. The data reported here on the initial energy use survey (conducted in 2009) covers 2008 and earlier. Full details of the survey and data analysis process are described by Gelernter et al. (2016a) . Survey weight factors were calculated as described by Kish (1990) and are shown in Supplemental Table S1 . Energy use values are reported in terms of conventional units (gallons for fuel, cubic feet for natural gas, kilowatt hours for electricity), as well as in terms of British thermal units (Btu), using USDOE (2017) conversions (Supplemental Table S2 ).
Analysis of Trends on Individual Golf Facitlities
Energy use patterns at the level of the individual 18-hole golf facility were analyzed by computing the appropriate measure of central tendency for each variable of interest. All 18-hole facilities that provided responses were included in this analysis. A graphical review of the 2008 and 2015 data from both energy surveys revealed skewness (>0.6) and kurtosis (>3.0) well in excess of those expected for a normal distribution for all of the energy use data. For this reason, the median, rather than the mean, was computed as the most accurate measure of central tendency. To determine levels of significance between study years, the Wilcoxon rank sum test (Moore et al., 2007) , which is appropriate for both normal and nonnormal data, was applied as described earlier (Gelernter et al., 2016a) . This approach was used to compare the 2015 and the 2008 datasets. Due to lower-than-desired responses from some of the study's seven agronomic regions in the 2015 survey, statistically valid median energy use values could not be computed on a regional basis.
To evaluate the impact of climate on energy consumption, average temperature for each survey location were determined by matching each respondent's ZIP code to 30-yr average temperature data (PRISM Climate Group, 2015) . This climate data was compared via linear regression against the energy use per acre for each energy source at each survey location.
All data analysis was computed using the R version 3.3.3 Statistics package (R Core Team, 2013 ) and the VGAM package (Yee, 2014) .
Analysis of Industry-Wide Trends
In addition to analyzing energy use patterns at the level of the 18-hole facility, estimates of industry-wide, national energy use was projected to the total census of US golf facilities according to survey responses for 2008 and 2015 data, as described in Gelernter et al. (2016a) . Projections were determined by multiplying the weighted average (mean) energy use by the number of 18-hole equivalents (18 HEQ). To calculate the number of 18 HEQ, a 9-hole facility was assigned 0.5 18 HEQ, an 18-hole facility was assigned 1.0 18 HEQ, a 27-hole facility was assigned 1.5 18 HEQ, etc. This approach was used for analysis of both the 2015 and the 2008 data reported below
Industry-Wide vs. Individual Facility Trends
The national, industry-wide (projection) trends reported below illustrate similar, though not identical, trends as the individual facility trends, reported in terms of median values for 18-hole facilities. In the case of the median data reported for individual 18-hole facilities, the changes in practices over the past 7 yr are documented by providing the median responses for both 2008 and 2015 for 18-hole facilities only. Therefore, this analysis is restricted to the 3.5% of all facilities that responded to the survey.
In the case of industry-wide projections, the analysis is broadened to include the impact of the entire number of golf facilities in the United States, for golf courses of all sizes and types. Each type of analysis yields different and equally useful insights, as highlighted below.
Trends in Onsite Energy Use
When all sources of onsite energy use (electricity, gasoline, diesel, natural gas, propane, and heating oil) were combined for each location, there was a decrease in energy use of individual 18-hole facilities, as well as on an industry-wide basis. For individual 18-hole facilities, there was an 8.3% decrease between 2008 and 2015 (Table 1) . This reduction in energy use was based primarily on reductions in electricity use, as is explained in further detail below. Offsite, or indirect, energy use related to golf course operations (manufacture of pesticides, fertilizers, equipment, etc.; transportation) was not documented with this survey and is not included in the analyses reported here.
When industry-wide energy use projections were estimated for 2008 vs. 2015, a 7.8% decrease was observed ( Table 2) . The difference between this value and the 8.3% decrease reported above occurred because the projection takes into account both the reduced energy use on individual 18-hole facilities, which accounted for 39% of the decrease, and the reduced number of golf facilities in the United States since 2008 (Supplemental Table S1 ), which accounted for 61% of the decrease (Table 2) . Electricity was the most frequently used energy source in both years, whereas gasoline and diesel fuel were the second and third most frequently used (Fig. 1 ).
Trends in Electricity Use
Respondents were asked to provide information on the total amount of electricity used for clubhouse operations, irrigation pump station, equipment, and other buildings and amenities at the golf facility. Of those responding in 2015, 44.7% based their responses on reports from electricity providers, 40.6% on estimates, and 14.7% on meter readings.
Between 2008 and 2015, there was a 31.4% decrease in electricity use for individual 18-hole facilities (Table 1) . Of all the energy sources analyzed in this survey, the reduction in electricity use was the largest and was likely the result of behavioral and/or design changes made since 2008 (see "Conservation Practices and Trends in Electricity Use" below). The largest drop in electricity use occurred for non-turfmaintenance activities (clubhouse operations, equipment, and other buildings and amenities), which decreased significantly from 636 to 490 MMBtu per 18-hole facility (Table 3) .
A smaller, nonsignificant decrease (Table 3 ) occurred for electricity used for pumping irrigation water, according to responses from facilities that have separate electric meters for pump stations. Although voluntary reductions of ~14,430 irrigated acres have been documented over the past decade (Gelernter et al., 2015) , this small decrease (roughly 1.4% of the 1,063,410 acres of irrigated turf in the United States; Gelernter et al., 2017) was not sufficient to have a significant impact on electricity used for pump stations. The results of both the 2008 and 2015 surveys indicate that almost one-third of all electricity used on the golf course is used for pumping irrigation water (Table 3 ). The significant proportion of electricity used for irrigation pumps has previously been documented by Qian et al. (2015) .
When industry-wide electricity use projections were estimated for 2008 vs. 2015, a 12.5% decrease was observed. Although some of this reduction was due to the decreased number of golf facilities in the United States since 2008, ~63% of the reduction was due to reduced energy use on individual golf courses (Table 2) .
Trends in Gasoline and Diesel Use
Respondents provided estimates of gasoline and diesel use, virtually all of which was used for maintenance equipment, golf cars, and licensed or registered vehicles. Biodiesel data were not sufficient to calculate median use, however (Table 1) .
Although median gasoline use for individual, 18-hole facilities did not change since 2008, there was a small increase in the use of diesel fuel in that time period (Table 1) . When industry-wide fuel use projections were estimated, an increase in the use of diesel was also observed (Table 2) , despite the net decrease of 768 facilities in the United States during that time period (Supplemental Table S1 ). There are no concrete explanations for the observed increase in diesel use, especially because there was no concomitant decrease in gasoline use. However, one possible explanation could be related to the increased adoption of several diesel equipment-intensive cultural practices for use on fairways that had previously been restricted only to greens, such as sand topdressing (Skorulski et al., 2010; Whitlark, 2014; McCarty et al., 2015) .
Trends in Use of Other Fuels
Natural gas, propane and heating oil are used primarily for heating and other purposes but are not used universally as gasoline and diesel fuel are (Table 4 ). There were no changes in the use of these fuels for individual, 18-hole (Table 1) . When industrywide projections were estimated, decreases in the use of propane and heating oil were observed. In the case of heating oil, this was due to the reduced number of facilities in the United States, whereas the propane decrease was due to a combination of decreased facility numbers and changes in behavior at individual golf courses (Table 2) .
Energy Use for Turf Maintenance vs. Other Operations
Although most energy sources are used for multiple purposes on a golf facility, it is possible to approximate the relative amounts of energy used in turf maintenance operations vs. all other operations (clubhouse, other buildings, tennis courts, swimming pools, etc.) on the golf course. Assuming that gas and diesel fuels are used almost exclusively for turf maintenance, and with the knowledge that ~ 28.9 and 31.2% of electricity was used for irrigation pumps in 2008 and 2015 respectively (Table 3) , energy used for turf maintenance accounted for ~46% of all energy used in 2008 and 47% in 2015.
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Role of Climate on Energy Use
Due to lower participation in the 2015 survey, it was not possible to subdivide the responses into agronomic regions to determine regional trends in energy use. However, by comparing 30-yr normal climate data for each location with the energy use for that location, the influence of climate on energy use could be analyzed (Table 5 ). As might be expected, locations with higher average air temperatures consumed more total energy, electricity, gasoline, and diesel. This is because warmer locations have year-round climates with year-round turf maintenance and golf facility activities. They use air conditioning more heavily and use irrigation systems more frequently. The lack of correlation between temperature and propane, natural gas, or heating oil use may be due to these fuels being used less frequently, and also most heavily in the cooler regions of the country (Lyman et al., 2012a) . As a result, the range of temperatures is limited, thus limiting the power of a regression analysis.
Conservation Practices and Trends in Energy Use
Decreases in energy use since 2008 can be attributed to a variety of energy conservation practices that have been instituted, including:
· The percentage of facilities adopting behavioral changes that conserve energy has increased since 2008 (Fig. 2) .
Examples included heating and cooling system changes such as lowering thermostats during the winter and replacing filters in timely manner, as well as operating equipment during nonpeak hours, etc.
· The percentage of facilities that have incorporated design, physical, or mechanical changes to equipment to conserve energy have also increased since 2008 (Fig. 3) . Examples provided included heating and cooling system changes such as use of "Energy Star"-rated furnaces, programmable thermostats, and efficient hot water tanks, indoor water system changes such as low flow faucets, changes in irrigation controllers, and lighting changes such as a switch to T-8 lighting.
· There has been a small increase since 2008-from 2.3 to 4.2% (data not shown)-of respondents who say their facilities generate energy onsite, with solar electricity being the predominant power-generating source.
· Another potential source of energy savings comes from replacement of fossil-fuel-burning vehicles and equipment with electric or hybrid substitutes. Results from the 2015 survey indicated that since 2011, 25.5% of respondents have made these replacements. This question was not asked in the 2008 survey, so no trends can be established for adoption.
· The percentage of facilities that have a written energy conservation plan (a document that identifies energy conservation goals and strategies for achieving those goals) has increased slightly since 2008, from 5.2 to 6.6%, and the percentage that have conducted an energy audit (by a professional auditor or self-assessment) in the past 4 yr has also increased slightly, from 14.0 to 17.9% (Fig. 4) .
· Special programs that allow golf facilities to purchase green electricity (produced from renewable or nonpolluting and nonhazardous technologies such as wind, solar, water, or geothermal) from a verified renewable energy source is an energy conservation option. In 2008, only 1.5% of respondents participated in such programs, with participation growing to 5.4% in 2015. Lack of awareness and/or unavailability of green energy were the most common reasons cited for low participation (Fig. 5) .
In other respects, there has been little change in energy conservation practices since 2008:
· Fewer than 5% of facilities reported participation in renewable energy programs that allow purchase of energy credits, in both 2008 and 2015.
· Conducting operations during nonpeak hours may also result in financial savings, as energy companies provide lower pricing for electricity used during times of day when demand is low. In both 2008 and 2015, the most common off-peak operations were irrigation and golf cart charging (Fig. 6) . However, there has been little change in the frequency of nonpeak usage during that time period.
Conclusions and Recommendations
Since 2008, US golf facilities have reduced onsite energy use on a per-golf-course basis, as well as the industry as whole. These reductions were brought about partly through a reduction in the number of golf facilities in the United States, but also by energy conservation practices whose greatest impact was on electricity use, which has been reduced by 31.4% since 2008. Most of the decrease in energy use took place in non-turf-maintenance operations such as the clubhouse, tennis courts, swimming pool, and other buildings, where more efficient lighting and furnaces, programmable thermostats, more efficient hot water tanks, etc., made these reductions possible. In contrast, there were only minor reductions in energy use for functions associated with turf maintenance, such as electricity for irrigation pumps and fuel for equipment and vehicles. Replacement of irrigation pumps with more efficient systems can influence this pattern in the future and can ultimately result in lower electricity use, but the immediate expense may be difficult for some facilities to justify. Similarly, although the initial investment is expensive, more efficient hybrid or electric turf maintenance equipment and vehicles can provide energy savings, particularly when green energy alternatives are provided. Finally, continued reductions in the acreage of maintained and/or irrigated turf will also have a major impact on energy use.
There have been small increases since 2008 in adoption of alternative or more efficient energy sources-whether in the form of onsite solar energy production, in the purchase of green electricity from a renewable energy source, or in the use of hybrid or electric vehicles and equipment. Adoption of these approaches will continue to contribute to future energy reductions, as will increased reliance on energy audits and energy conservation written plans.
Finally, although this survey did not document reductions in offsite, or indirect, energy use, significant reductions in fertilizer use have been documented (Gelernter et al., 2016a) that would result in further reductions in the overall energy footprint of US golf courses. 
